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(54) Title: A METHOD AND DEVICE FOR DETERMINING THE SEDIMENTATION RATE OF BLOOD 



(57) Abstract 

A method of determining the 
sedimentation rate of blood, in which 
a so-called blood sedimentation tube 
is filled with whole blood which is al- 
lowed to settle for a period of one 
hour, whereafter the height of a plas- 
ma column above the blood sediment 
is read-off. The invention is charac- 
terized by inserting the test tube (1) 
into a reading location (4) in which a 
plurality of electrodes are disposed 
along the vertical extension of the 
tube (1); supplying to the electrodes a 
signal of varying voltage; determin- 
ing the impedance of the blood (2, 3) 
r esent in the tube (1) between pairs 
wl electrodes (5, 6); determining the 
location along the vertical extension 
of the tube (1) at which a change in 
impedance has occured, using herefor 
the fact that an impedance difference 
prevails between plasma (2) and 
blood sediment (3) respectively; and 
by determining the vertical distance 
from the aforesaid location to the up- 
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per surface (14) of the plasma column (2). The invention also relates to apparatus for carrying out the method. 
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1 

a Method and Device for Tv^r-m-ining the Se dimentation Rate of Blood 



■Eie present invention relates to a method and to a device for deter- 
5 mining the sedimentation rate of blood. 

The determination of the blood sedimentation rate, or erythrocyte 
sedimentation rate, is the most common of blood tests carried out. In 
different conditions of sickness or disease, the blood cells tend to 

10 agglomerate in the so-called rouleau formation of erythrocytes. If 

the blood is prevented from coagulating, the blood cells will therewith 
sink more rapidly down to the bottom of an upstanding tube. The 
supernatant liquid consists of plasma and the height or thickness of 
this clear layer in millimeters provides a value of the sedimentation 

15 rate. This value is read-off precisely one hour after having placed the 
tube in a measuring stand. A very large number of blood sedimentation 
tests are carried out each day in hospitals, laboratories and health 
care centres, and with each test it is necessary to start a clock 
which rings after sixty minutes from the time of having been started, 

20 whereupon it is necessary to interrupt any other work that is being 
carried out and read-off the value of the sedimentation rate. This 
greatly disturbs the process of other activities and consequently 
there has long been an urgent desire for means which will enable the 
sedimentation rate values to be read-off automatically. 

25 

The Sw edish Patent Specification No. 8009126-7 describes a method of 
obtaining an automatic indication of the interface between plasma and 
blood sediment after one hour. According to this patent specifica- 
tion, there is placed in a sedimentation test tube a body which 
30 absorbs blood and plasma and swells as a result of this absorption: 

The body has a density which lies between the density of blood 
sediment ana plasma and will therefore float at said interface layer. 
The body is configured so that after one hour, it will have swollen 
35 to such an extent as to fasten in the test tube. 

The drawback with this known method, however, is that it is necessary 
to place the body in the test tube, and, inter alia, present standar- 
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dized routines for determining the sedimentation rate of blood have 
been changed accordingly. 

There has long been an urgent desire to read-off the values of blood 
5 sedimentation rates fully autcanatically. It is obvious that a method 
which retains present-day routines and with which no devices other 
than the actual test tube itself cone into contact with the blood is 
to be preferred. 

10 The present invention provides such a method, by means of which 
reading of blood sedimentation rates can be automated. 

The present invention thus relates to a method for determining the 
sedimentation rate of blood, in which a so-called blood sedimentation 

15 tube is filled with whole blood, which is allowed to settle for one 

hour, whereafter the height of a plasma column above the blood sediment 
is read-off, said method being characterized by inserting the blood 
sedimentation tube into a reading location in which a plurality of 
electrodes are disposed along the vertical extension of the tube, by 

20 applying a signal of varying voltage to the electrodes, by determining 
the impedance of the blood present in the tube between pairs of 
electrodes, with the aid of a detector; by determining the location 
along the length of the tube at which a change in impedance takes 
place while utilizing the fact that an impedance difference prevails 

25 between plasma and blood sediment, and by determining the height car 

distance from said location to the upper surface of the plasma column. 

The invention also relates to apparatus of the kind described in the 
preamble of Claim 9 and having the characterizing features set forth 
30 in the characterizing clause of said Claim. 

The invention will now be described in more detail with reference to 
exemplifying embodiments thereof illustrated in the accompanying 
drawings, in which 

35 

Figure 1 is a block schematic of apparatus according to a first 
embodiment of the invention; 
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Figure 2 illustrates a pattern of electrodes; 

Figure 3 illustrates a second embodiment of the invention; 

5 - Figure 4 illustrates an output signal obtained in accordance 
with a first measuring principle; and 

Figure 5 illustrates an output signal obtained in accordance 
with a second measuring principle. 

10 

Figure 1 illustrates apparatus for carrying out the inventive method. 
In Figure 1, the reference 1 identifies a so-called blood sedimentation 
tube, which is normally a glass or plastic tube having a length of 
200 mm, a diameter of 10 mm and a wall thickness of 0.5 mm. 

15 

The reference 2 identifies plasma and the reference 3 identifies 
blood sedim ent. A reading location or reading station is generally 
referenced 4. Die apparatus may include solely one reading location 
to which mutually different test tubes are moved automatically with the 
20 aid of known devices, which is standard routine when carrying out 

automatic test analyses within the medical field, or may comprise one 
reading location or station for each tube. 

Hie reading location includes electrodes 5, 6 which are disposed 
25 along the length extension of a tube 1 inserted in the reading loca- 
tion. The apparatus also includes an oscillator 7 which functions to 
produce a signal which is applied successively to the electrodes 5. 

Also included is a so-called switch network 8 or the like, which 
30 incl udes a number of electronic switches. Ihe switching network 8 is 
constructed to connect one or more electrodes 5 at a time to the 
oscillator 7 in a successive order, in response to instructions from 
a control unit or data processor 9. Ihe switch network 8 is also 
constructed to connect, at the same time, one or more electrodes 6 to 
35 a detector 10 included in the apparatus. 

The oscillator 7 is intended to produce a signal having a frequency 
between 100 Hz and 10 kHz, preferably about 1 kHz. However, any 
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suitable frequency whatsoever may be used. The electrodes may have a 
drive voltage of 50 mV, for instance. The oscillator signal is prefer- 
ably a square-wave signal. 

5 According to one preferred embodiment, the DC-ccmponent of the signal 
is equal to 0 volts, so as not to affect the blood. 

The oscillator 7 also delivers the signal to the detect or 10, which 
is a synchronous detector* 

10 

The detector 10 is intended to measure the impedance between pairs of 
electrodes. In the case of the Figure 1 embodiment, the impedance is 
measured between mutually opposing electrodes 5, 6 in relation to the 
tube 1. 

15 

The present invention is based on the understanding that whole blood, 
plasma and blood sediment exhibit mutually different electrical 
properties of a magnitude such as to enable the impedance difference 
to be measured in order to determine the presence of the interface 
20 between blood sediment and plasma. 

The inventive method will now be described with reference to Figure 1. 

A blood sedimentation tube is present in or is inserted into the 
25 reading location. After one hour has passed from the time of taking 
the blood sample, the data processor begins a measuring cycle. 

The data processor con tr ols the switch network 8 such that, far 
instance, the oscillator signal is applied to the uppermost electrode 

30 5. The ele ctrod e 6 positioned on the opposite side of the tube is 

connected fcy the switch network 8 to an amplifier 11, which amplifies 
the signal of the receiver electrode 6. This amplified signal is 
detected in the detector 10 and is lew-pass filtered in a lew-pass 
filter 12. The amplitude of the signals arriving from the lew-pass 

35 filter constitute a measurement of the impRiannp across the plasma 
column 2. 

As before mentioned, the detector 10 is a syixhronous detector intended 
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to maximize system sensitivity or response. The low-pass filter 12 
may be given a large time constant, for instance a constant of several 
seconds. The ccanbination of a syrKirronous dete c tor and a narrow-band 
low-pass filter enables very long measuring signals to be measured. 
5 The low-pass filtered analogue signal is digitalized in an A/D-con- 
verter 13 and delivered to the data processor 9. 

The detector thus ccanpares the signal applied on an electrode to the 
signal received by the receiver electrode. 

10 

The switch network is able to connect the electrodes in any desired 
sequence. 

It is preferred, however, that subsequent to conpleting the aforesaid 
15 first measurement process, the next electrode 5 in line, counting 

from the top of the electrode array, is connected to the oscillator 
and the opposing electrode. 6 is connected to the amplifier 11. There 
is then obtained a new value after the A/D-converter 13. 

20 When the third electrode 5 from the top of said electrode array is 
used to measure impedance together with the opposite electrode 6, 
there will be established a change in impedance will be established 
in cccparisian with the inpedanoe exhibited by the plasma 2, since 
both plasma and blood sediment influence the measuring process. 

25 

When the electrodes 5, 6 further dewn the electrode array are vised 
for measuring purposes, these elec tr o d es will indicate an impedance 
across the blood sediment which differs from the two inpedanoes 
mentioned above. 

30 

The changes that occur will depend an vtfiich component or components 
in the impedance are measured and evaluated. Par instance, both 
series and parallel resistances across the sample can be measured, or 
series or parallel capacita nc e. 

35 

According to one preferred embodiment, the detector is arranged to 
measure the capacitance immediately across pairs of electrodes 5, 6. 
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Naturally, the accuracy of the method is contingent on the size of 
the electrodes 5, 6. The electrodes shewn in Figure 1 have been 
purposely enlarged far the sake of clarity. 

5 Figure 2 is a top view of a preferred electrode pattern or array. 

The electrodes 5, 6 are mutually parallel and are positioned so as to 
extend along the longitudinal axis of a blood sedimentation test tube 
1 inserted in the measuring location. The longitudinal axis of the 
electrodes extend perpendicularly to the longitudinal axis of the tube. 

10 

According to one preferred embodiment, the electrodes are placed 
equidistant frcm one another, with a centre distance of 1 mm. This 
provides very good resolution, with an accuracy of 1 mm, which is the 
accuracy applied when reading the sedimentation value manually. Tor 

15 instance, the electrode pattern may be configured so that the centre 
distance 1 of the electrodes shown in Figure 2 is 1 mm, as before 
mentioned, wherein the distance between the electrodes c is approxi- 
mately 0.3 ram and the vertical extension a of the electrodes is 
approximately 0.7 mm. The width b of the electrod e s may be approxi- 

20 mately 5 mm. 

The total vertical extension of the electrode array L may, of course, 
correspond to the vertical extension or length of a blood sedimentation 
tube, i.e. 200 mm although said total vertical extension is preferably 
25 longer, so that the electrode array will include the range within 
which blood sedimentation values occur. 

The electrode pattern or array may, far instance, be etched an one 
side of a double-sided, flexible laminate, with connecting wires to 
30 each electrode an the other side of the laminate. 

The distance frau each of the electrodes to the upper surface 14 of 
the sample is known, because the length of the tube is known, because 
the position of the bottom surface 15 relative to the electrodes is 
35 known, and because the tube is filled to a predetermined level. The 
position of the upper surface of the sample can, of course, be deter- 
mined by the present capacitive nethod, with the aid of electrodes 
positioned in the region of the upper surface of the sample. 
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Subsequent to having noted an iitpedance change after a measuring 
cycle, the location of the iitpedance change is kncwn, because the 
data processor has registered at which electrode or electrodes the 
5 change has taken place. 

In t his regard, the data processor is programmed to calculate the 
height or vertical distance frcsn the location at which the impedance 
change occurred, i.e. the location of the interface between blood 
10 sediment and plasma, to the upper surface of the plasma column. This 
distance, i.e. the height of the plasma column, is the blood sedimen- 
tation value, as before mentioned. 

This value is stared in the data processor. 

15 

Figure 4 illustrates schematically a curve which shows the signal 
amplitude obtained frcan the A/D-converter against the position of 
respective electrodes along the tube. 

20 Thus, upon completion of a measuring process in which pairs of elec- 
trodes have been connected successively, a number of discrete measure- 
ment values are found stored in the data processor. Figure 4 il- 
lustrates the continuous curves through these discrete measurement 
values. As will be seen from the curve, there is a clear change in 

25 amplitude at the interface. The data processor is intended to estab l ish 
the location of the interface along the tube, for instance by inter- 
polation or inflection-point determination. 

In the described embodiment, one electrode 5 and one electrode 6 
30 have been used at a time. However, several electrodes 5 and several 
electrodes 6 can be used in one and the same measuring process. 

In the aforegoing, there has been described a first embodiment in 
which the impedance is measured transversely across the sample with 
35 the aid of mutually opposing electrddes. 

Figure 3 is a schematic illustration of a second embodiment in \Aiich 
of the electronic circuits used only one switch network 80, carrespan- 
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ding to the switch network 8, is shewn. 

The electrodes 16-21 have been purposely enlarged far illustration 
purposes, si milar to the case in Figure 1. 

5 

According to the Figure 2 entoodiment, there is preferably used an 
electrode pattern or array with associated text. 

According to this second embodiment, all electrodes 16-21 are placed 
10 an one side of the tube 1. In this case, the switch network 80 is 

intended to connect successively one or mare electrodes at a time to 
the oscillator 7, in response to instructions frcm the data processor, 
and to connect to the detector 10, via the amplifier 11, those two 
electrodes which surround the electrode connected to the oscillator. 

15 

For instance, when the electrode 17 is conne ct ed to the oscillator, 
the electrodes 16 and 18 are connected to the detector. 

In this embodiment, the detector is intended to compare the signal 
20 between two electrode pairs, i.e. 16, 17 and 17, 18 respectively. 

Uius, there is effected a difference-measuring process, She amplitude 
of the signal obtained frcm the A/EKconverter will therefore be 
constant and low, far instance equal to zero, when the measuring 
olev 'I r t r tec: measure the same part of the sample. 

25 

When the interface between blood sediment and plasma lies within the 
measuring range of the measuring electrodes, the signals Iran the 
respective electrode pairs 16, 17; 17, 18 will be different, and 
hence the signal obtained frcm the A/D-converter will have an amplitude 
30 which corresponds to the difference between said signals. 

According to this second embodiment, several electrodes may be supplied 
with a signal and several electrodes may be used on both si d es of the 
electrodes supplied with said si gn al. 

35 

Figure 5 illustrates schematically a curve which shews the signal 
amplitude obtained frcm the A/D-oonverter against positions along a 
blood sedimentation tube, in a manner correspo n di n g to that illustrated 
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in Figure 4. The interface is thus found at the amplitude maximum. 

According to one preferred method, the apparatus is calibrated im- 
mediately after filling the tube with whole blood. Hie impedance 
5 which then prevails is used later as a reference when measurements 
are taken on blood sediment and plasma respectively. 

A keyboard 30 or the like is connected to the data processor 9, so 
that data, etc. relating to the patient can be entered into the 
10 processor. The data processor will preferably include a clock which 
shows the time and the date concerned. 

Hie sedimentation rate of a blood sample can, far instance, be deter- 
mined in the following manner. 



15 



20 



A blood sedimentation tube is filled with whole blood, by a nurse. 
The nurse places the tube in the apparatus and enters the personal 
identification number of the patient into the data processor through 
the keyboard. A sensor (not shown) , preferably a photocell, may be 
positioned at the reading location, in order to initiate the time 
measuring process. Alternatively, the time measuring process may be 
initiated as a result of entering the personal identification number 
of the patient in the data processor. 

25 Subsequent to the lapse of one hour from the time of initiating the 
time measuring process, the data processor instructs the apparatus to 
detect the position of the interface, as before described. The sedi- 
mentation value is stored in the data processor, together with the 
personal identification number of the patient. 



30 



35 



A display and/or a printer 31 may be connected to the data processor. 

Ihe data processor is preferably programmed to print successively 
completed blood sedimentation tests through the printer 31. 

Die data processor may also be programmed to store the blood sedimen- 
tation values far short or longer periods of time, for instance far 
one ar mare weeks, wherein the data processor -can be instructed 
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through the keyboard to print-out a series of blood sedimentation 
values for one and the same patient. Naturally, it is also possible 
to program the data processor so that the printer will illustrate 
variations in the blood sedimentation value with time, in a graphic 
5 form. 

Although the invention has been described in the aforegoing with 
reference to the number of embodiments thereof, it will be obvious 
that modifications can be made. Par instance, measuring can be effected 
10 at two or more different frequencies in successive stages. Furthermore, 
the electrodes may be arranged in a different pattern or array. 

Hie present invention is therefore not to be considered restricted to 
the afaredescribed embodiments, since variations can be made within 
15 the scope of the following Claims. 
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Claims 

1. A method for determining the sedimentation rate of blood, in 
which a so-called blood sedimentation test tube is filled with whole 

5 blood which is allowed to settle over a period of one hour, whereafter 
the height of a plasma column above the b_.~od sediment is read-off, 
characterized by inserting the test tube (1) into a 
reading location (4) in which a plurality of electrodes (5, 6; 16-21) 
are disposed along the vertical extension of the tube (1) ; supplying 

10 to the electrodes a signal of varying voltage; determining the im- 
pedance of the blood (2, 3) present in the tube (1) between pairs of 
electrodes (5, 6; 17, 16; 17, 18) with the aid of a detector (10); 
determining the location along the vertical extension of the tube (1) 
at which a change in imp 0 ^™"** has occurred, using heref or the fact 

15 that an impedance difference prevails between plasma (2) and blood 
sediment (3) respectively; and by determining the vertical distance 
from said location to the upper surface (14) of the plasma column (2) . 

2. A method according to Claim 1, characterized by 
20 measuring the capacitance across pairs (5, 6; 17, 16; 17; 18) of 

electrodes with the aid of said detector (10) . 

3. A method according to Claim lor 2, characterized 
by supplying the elec tr odes (5; 17-20) in successive order with a 

25 signal having a frequency of between 100 Hz and 10 kHz, preferably 
about 1 kHz. 

4. A method according to Claim 3, characterized in 
■that the DC-ccnpanents of the signal is 0 volt. 

30 

5. A method according to Claim 1, 2, 3 or 4, characteriz 
e d by positioning the electrodes (5, 6; 17-21) in mutual parallel 
relationship along the tube (1) such that said electrodes extend 
perpendicularly to the longitudinal axis of said tube (1) . 

35 

6. A method according to Claim 1, 2, 3, 4 or 5, character 
i z e d by positioning the electrodes (16-21) on solely one side of 
the tube (1) ; by supplying said signal in a s u cce ss ive order to one 
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or mare electrodes (17-20) at a time; and by measuring the inpedanoe 
between the electrode or electrodes supplied with said signal and the 
electrodes located on both sides of said electrode or electrodes. 

5 7. A method accopding to Claikm 1, 2, 3, 4 or 5, character 
i z e d by positioning the electrodes (5, 6) on mutually opposite 
sides of the tube (1) ; by si^plying said signal in a successive order 
to one or mare electrodes (5) at a time; and by measuring the inpedanoe 
between the electrode or electrodes (5) supplied with said signal and 
10 one or more electrodes (6) on the opposite side of the tube (1) . 

8. A method according to any one of the preceding Claims, char 
acterized by filling a blood sedimentation tube (1) with 
whole blood and measuring the inpedanoe of the whole blood immediately 

15 after having filled the tube, and using the measurement value obtained 
as a reference value during subsequent measurement of the impedance 
over the plasma and blood sediment respectively. 

9. Apparatus far determining the sedimentation rate of blood, 

20 where a so-called blood sedimentation test tube is filled with whole 
blood which is allowed to settle over a period of one hour, and 
thereafter measuring the height of a plasma column above the blood 
sediment, characterized in that the apparatus includes 
a reading location or station (4) , in which a blood sedimentation 

25 tube (1) filled with blood is intended to be inserted to a position 
in \*tich electrodes (5, 6; 16-21) present in said reading location 
(4) are disposed along the longitudinal axis of an inserted tube (1) ; 
in that an oscillator (7) and a so-called switch network (8; 80) or a 
corresponding device is intended to supply said electrodes (5; 17-20) 

30 with a signal of varying voltage; in that a detector (10) is provided 
far measuring the impedance between pairs of electrodes (5, 6; 17, 
16; 17, 18) ; in that an evaluating circuit, preferably a data processor 
(9) , is provided for establishing at which electrode or at which 
electrodes a change in inpedanoe takes place, where the fact that an 

35 impedarae difference prevails between plasma and blood sediment 
respectively is utilized; and in that said data processor (9) is 
intended to calculate the vertical extension from the position at 
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which an impedance change occurs to the upper surface (4) of the 
plasma column (2) . 

10. Apparatus according to Claim 9, characterized in 
5 that the detector (10) is intended to measure the capacitance over 

pairs of electrodes (5, 6; 17, 16; 17, 18). 

11. Apparatus according to Claim 9 or 10, characterized 
in that the switch network (8; 80) or the like is intended to connect 

10 in successive order one or more electrodes (5; 17-20) to said oscil- 
lator (7) at a time; and in that the oscillator (7) produces a signal 
having a frequency of between 100 Hz and 10 kHz, preferably about 1 
kHz. 

15 12. Apparatus according to Claim 9, 10 or 11, characteriz 
e d in that the electrodes (5, 6; 16-21) are mutually parallel and 
are displaced along a blood sedimentation tube inserted- in said 
reading location such as to extend perpendicularly to the longitudinal 
axis of the tube. 

20 

13. Apparatus according to Claim 9, 10, 11 or 12, character 
i z e d in that the electrodes (16-21) are placed on only one side 
of an inserted tube (1) ; and in that the switch network (80) or the 
like is intended to connect one or more electrodes (17-20) to said 

25 oscillator (7) at a time and to connect to said detector (10) one or 
more of those electrodes which surround the electrode or electrodes 
connected to the oscillator (7) . 

14. Apparatus according to Claim 9, 10, 11 or 12, character 
30 i z e d in that the electrodes (5, 6) are positioned on mutually 

opposite sides of an inserted tube (1) ; and in that the switch network 
(8) or the like is intended to connect one or mare electrodes (5) to 
said oscillator (7) at a time and to connect to said connecter (10) 
one or more electrodes (6) present on the opposite side of the tube. 

35 

15. Apparatus according to any one of Claims 9-14, charac- 
terized in that the electrodes (5, 6; 16-21) are positioned 
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mutually equidistantly with a centre distance of 1 mm between mutually 
adjacent electrodes. 
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